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S. H. Kan and J. E. Brockert 
Miners have long suffered from diseases associated with their oc-
cupation. Data are examined relative to disease occurrence and resultant 
death rates. 
90 IMPROVING BLACKBRUSH RANGES 
R. D. Provenza, J. E. Bowns, J. C. Malechek, P. J. Urness, 
and J. E. Butcher 
Blackbrush may be small in size, but it has king-size, tough spines. Using 
goats and controlled grazing, researchers are finding ways to optimize 
livestock use of this shrub. The results of four years research are 
reported here. 
96 IMPACT OF TRADE LIBERALIZATION ON UTAH 
AGRICUL TURE 
B. Biswas and G. Tribedy 
Does foreign trade in agricultural goods affect the Utah Economy? Ac-
cording to these authors, the connection is measurable and more im-
portant than many of us think . 
100 THE UTAH SOLAR NETWORK 
Measuring Our Solar Blessings 
L. F. Hall, L. E. Hipps, and G. Venugopal 
Making efficient use of solar energy depends upon our having extensive. 
long-term, reasonably site-specific data. Thanks to a network of volun-
teer-operated stations, Utah is on its way toward having such a base. 
109 EFFICIENT WATER MANAGEMENT 
Integration is the Key 
A thirsty plant is not at its most productive. Researchers are readying 
recommendations for giving crop, turf. and garden plants precisely the 
amount of water they need, when they need it. 
110 INCREASING GRAZING EFFICIENCY ON 
CRESTED WHEATGRASS 
B. E. Norton, P. S. Johnson, and M. K. Owens 
The value of crested wheatgrass is undenied. but sometimes good can be 
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114 INDEX 
ABOUT THE COVER 
In this multiple exposure, the sun appears to descend along a line parallel 
to the earth 's equator as the rotating earth carries the photographer 
eastward. The red-orange color was increasingly enriched by greater 
scattering of violet. blue and green due to the lengthening atmospheric 
path of the solar beam. See " The Utah Solar Network. " page 1 00. Photo 
by the author, L. F. Hall. 
A. Sil icosis in cross section of lung tissue. 
B. Dense fibrosis with entrapped carbon. 
C. Port ion of lung showing progressive 
massive " Black Lung" (Silicosis). 
MORTALITY IN UTAH MINERS 
(1959 -1978) s. H. KAN and J. E. BROCKERT 
MIN I NG HAS LONG BEEN A MAJOR 
INDUSTRY in Utah. The 20,000 em-
ployees on mining industry payrolls in 
the first quarters of 1981 amounted to 
about 4 percent and 6 percent, 
respectively, of Utah's total and male 
nonagricultural employment (Utah 
Department of Employment Security, 
1982). The number of establishments 
with 20 employees or more in mineral 
industries and mines in Utah increased 
from 59 in 1954 to 102 in 1977 (U.S. 
Bureau of the Census, 1981). The oc-
cupational hazards associated with 
these industries have been of serious 
concern to public health workers, 
workers in mining industries, and the 
general public . Of particular interest is 
the mortality effect of so-called 'black 
lung disease' (Pneumoconiosis) and 
Silico-Tuberculosis . In this report, we 
present the results of an investigation 
that addressed this issue. 
Utah is one of four states that 
received a cooperative agreement 
award from the National Institute of 
Occupational Safety and Health (NIOSH) 
in September 1980, to develop state-
level occupational health surveillance 
systems. As one major component of 
the data base for Utah's surveillance 
system, occupations cited on Utah's 
death certificates were coded' for 1959-
1978 (according to the Bureau of the 
Census's 1970 Cia sified Index of In-
dustries and Occupations (1971). Only 
persons aged 16 and over were included 
in the study since very few under this 
age are in the labor force. 
ANALYTICAL PROCEDURES 
To analyze the data, we computed the 
proportional mortality ratios (PMRs) by 
causes of death for mining industries 
and mine operatives for 1959-1967 and 
1968-1978. The two time periods were 
separated in accordance with the years 
covered by the seventh (1959-1967) and 
1 The coder completed a one-week training class in the 
Bureau 01 Census. Washington. D.C .• in May 1981 . This 
training was sponsored by the Bureau of Census and NIOSH. 
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eighth (1968-1978) revisions of the 
International Classification of Diseases, 
adapted for use in the United States 
(ICDA). PMR, a relative measure, is the 
ratio between the observed number of 
deaths from a particular cause for a 
particular occupationlindustry (in this 
case, mine operat ives and mining in-
dustry) to the expected number of 
deaths derived from the total number of 
deaths in all occupations/industries. A 
PMR of 100 indicates that the propor-
tional mortality from a particular cause 
for a certain group is exactly the same 
as that for the en.tire population. 
Symbolically, PMR is defined as: 
where : 
PMRij is the proportional mortality ratio 
for the ith exposure class (e.g., occupa -
tion , industry, or company), and jth 
cause-of-death group; 
Oij is the number of observed 
deaths for the (i,j)th category 
defined above for PMRij, and 
Eij is the expected number of 
deaths for the (i,j)th category 
defined above for PMRij. 
where a ..... indicates summation over 
the levels of the corresponding sub-
script, i.e. 
is the total deaths for exposure class i 
of all c cause-of-death groupings. 
A standardized PMR can be calculated 
by deriving the expected number of 
deaths according to the levels of factors 
to be standardized. 
TABLE 1. Proportional mortality ratios (PMRs) of tuberculosis and pneumoconiosis 
and related diseases for male workers and mine operatives in Utah mining 
Industries, 1959·1967 and 1968·1978. 
1959·1967 1968·1978 
Cause of death ICDA·7 PMR (obs./exp.)* ICDA·8 PMR (obs.lexp.) * 
MINING INDUSTRIES 
Tuberculosis 001-019 423.4 (41/10) 010-019 339.2 (18/5) 
Silicotuberculosis •• 010 731 .0 (6/1) 
Respiratory T.B., 
occupationally 
related· • 001 937 .3 (27/3) 
Pulmonary Tuber-
culosis 002 200.4 (11 /6) 011 262.7 (9/3) 
Pneumoconiosis and 
related diseases 523-524 708.6 (38/5) 515-516 877.8 (35/4) 
MINE OPERATIVES 
Tuberculosis 001-019 551 .0 (34/6) 010-019 218.6 (7/3) 
Silicotuber-
cu losis· • 010 588.2 (3/1 ) 
R'espiratory T ,B., 
occupationally 
related· • 001 1,238.5 (22/2) 
Pulmonary tuber-
culosis 002 255.6 (9/4) 011 146.8 (3/2) 
Pneumoconiosis and 
related diseases 523-524 839.1 (28/3) 515-516 1,272.3 (31/2) 
· oos. Observed number of deaths; expo Expected number of deaths rounded to Integer. 
.. Respiratory T.B .. occupationally related. and silicotuberculosis are the two basically corresponding causes of 
death in the 7th and 8th revision of ICOA. 
Not applicable. 
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a 
1:0"(1 ) 
PMR - I) mn 100 i'+ ---- X J a 
1:Eij(lmn) 
where: 
PMRij + is the adjusted PMR (for factors 
I, m, n) for the ith exposure 
class and jth cause-of-death 
group; 
a 
1:0ij(lmn) is the sum of the observed 
events for ith exposure class 
and jth cause-of-death over all 
levels of the factors used for 
adjustment ; and 
a 
1:Eij(lmn) is defined for expected deaths 
in a manner analogous to 
Oij(lmn). 
a _ a (Oi ' (Imn) xO. j(lmn) ) 
1:Eij(lmn) - 1: 
O' '(Imn) 
The standard mortality ratio (SMR) is 
preferable to the PMR in assessing 
occupational mortality. Computation of 
this measure, however, requires that the 
size and demographic composition of 
the test population-at-risk be known. In 
the absence of data on population-at-
risk, PMR is frequently used.2 Kupper et 
al. (1977) have shown that the (age) 
standardized PMR is close to the 
relative SMR (RSMR) in value. (The 
RSMR is ratio of the cause-specific SMR 
to the SMR of all causes combined.) In 
the present study, the PMRs were 
standardized by age, race, and county 
of reSidence, and differences among 
them were, therefore, not due to these 
factors. 
RESULTANT DATA 
The PMRs of tuberculosis and of 
pneumoconiosis and its related diseases 
1959-1967 and 1968-1978 are shown 
2A recent study (Miettinen and Wang 1981) showed that a 
better alternative to the PMR can be calculated without the 
information on the population-at·risk. Considering the 
availabill:y of computer software and other factors. PMR is 
used in the present study. The computer software used was 
developed by NIOSH. with minor modifications by Utah's 
Health Surveillance Project. 
Deaths from Deaths from 
Total deaths pneumoconiosis pneumoconiosis 
* 
from and related diseases and related diseases 
pneumoconiosis among mining among mine 
Year and related industries (percent operatives (percent 
Period diseases 
1959-67 73 
1968-78 58 
(Table 1) for male workers in mining 
industries and for mine operatives. 
Females are not included since there 
were so few women workers . Mining 
industries as a whole, and the mine 
operatives, have extraordinarily high 
PMRs for pneumoconiosis and related 
diseases, and respiratory tuberculosis 
(occupationally related). For the latter 
disease, however, the PMR declined 
substantially from 1959-67 to 1968-78. 
In contrast, the PMRs for pneumo-
coniosis and its related diseases among 
workers in mining industries increased 
from 708.6 In 1959-67 to 877.8 in 1968-
78; among mine operatives it increased 
from 839.1 to 1,272.3. 
The PMR for pulmonary tuberculosis 
declined among mine operatives but 
slightly increased for mining industries 
over the two time periods. For the 
general category of tuberculosis, the 
PMR dropped sharply (from 551 to 
218.6) among mine operatives and 
declined to a lesser extent (from 423.4 
to 339.2) among mining industries as a 
whole between the time periods. 
Although the PMRs of silicotuberculosis 
and pulmonary tuberculosis among mine 
operatives in 1968-78 were still sub-
stantially higher than 100, the small 
number of deaths that occurred 
prohibits any meaningful interpretations. 
For instance, although the PMR for 
silicotuberculosis in 1968-1978 was 
588.2, only 3 deaths were recorded as 
due to that disease. 
Since PMR is a relative measure, the 
increase in the PMR of pneumoconiosis 
and related diseases for mining in-
dustries does not necessarily mean that 
of total) of total) 
38 (52.1) 28 (38.4) 
35 (60.3) 31 (53.5) 
the force of pneumoconiosis on mor-
tality has increased. Mortality from this 
cause may have remained stable, or 
decreased slightly among mining in-
dustries, while substantially declining 
within the total population. The figures 
above· support this contention. 
Pneumoconiosis and silicotuber-
culosis are, to a great extent, oc-
cupationally related (Key 1977; In-
dustrial Hygiene Foundation of America, 
Inc. , 1967; Schepera 1964). The agent 
causing pneumoconiosis is mainly coal 
dust, whereas silicotuberculosis is due 
to the interaction of silica dust (Si02) 
and mycobacterium tuberculosis 
(Rutstein 1981). Due to the lack of 
specificity in the occupational entries 
noted on the death certificates, separate 
analyses of these two causes of death 
by specific mining industries were not 
possible. Some might conjecture that, 
due to a higher exposure intensity, 
deaths from these causes occur at 
relatively young ages. Examination of 
the data on mean and median ages at 
death did not support such a contention, 
however, possibly because so many 
factors normally intervene between the 
onset of disease and death. 
Pneumoconiosis and silicotuber-
culosis are two of the key sentinel 
health events that serve as indicators 
for occupational health surveillance. The 
increase in PMRs within mining in-
dustries deserves more focused at-
tention. Pertinent information between 
onset of disease and death to complete 
up-to-date illness data is essential if 
current occupational hazards in mining 
industries are to be identified. 
Since 1980, utah has 
brett £kvefopi"9 a state-
wide occupationaf ftrofth 
surveiffance .system.. 
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FIGURE 1. Map of blackbrush distribution. 
FIGURE 2. View of a spinescent blackbrush 
plant. 
FIGURE 3. Current season 's twigs 
produced by a heavily browsed blackbrush 
plant. 
FIGURE 4. Goats browsing blackbrush. 
F. D. PROVENZA, 
J. E. BOWNS, 
J. C. MALECHEK, 
P. J. URNESS, and 
J. E. BUTCHER IMPROVING 
BIACIiRRUSD RANGES 
THE PROBLEM 
BLACKBRUSH (Coleogyne ramosi sima) 
IS A SMALL SHRUB, averaging less 
than 1 m (3 ft) in height, that occurs in 
nearly monospecific stands on millions 
of hectares of rangeland in the 
southwestern United States (Figure 1). It 
is generally considered a poor forage 
species for domestic livestock during 
winter because of its chemical and 
morphological characteristics . The 
shrub is low in protein and high in poorly 
digestible fiber, and the terminal twigs 
of branches tend to die back for several 
centimeters from the tip, resulting in a 
spinescent growth form. 
Typical stocking rates for blackbrush 
range are from 12 to 24 ha (30 to 60 
acres) per animal-unit-month (the 
quantity of forage required by a cow for 
one month), yet total available black-
brush forage in southwestern Utah has 
been estimated at over 1500 kg ha- 1 
(1320 Ibs acre-1) . At the 12 ha stocking 
rate, this amounts to about 18,000 kg 
(15,840 Ibs) of blackbrush per animal-
unit-month. This apparent discrepancy is 
partially a result of the spinescent 
growth form (Figure 2), which reduces 
the accessibility to and palatability of 
blackbrush twigs for cattle that com-
monly browse these rangelands during 
fall and winter. 
Removal of spinescent material from 
blackbrush plants, however, stimulates 
sprouting from basal and axillary buds. 
Plants that are heavily browsed by 
livestock, therefore , produce large 
quantities of new growth , which is more 
accessible (Figure 3). In the study 
described here, winter browsing by 
domestic goats was used to stimulate 
spring twig production by blackbrush . 
Our overall objective was to acquire 
data on the responses of domestic 
goats and blackbrush to a biological 
manipulation program intended to im-
prove blackbrush range for cattle . 
THE APPROACH 
The experiment was conducted on 
rangeland administered by the Bureau 
of Land Management. The study area, in 
the extreme southwestern corner of 
Utah, was at an elevation of 1280 m 
(4224 ft) and was supporting blackbrush 
associated with juniper (Figure 4). 
The physical design of the experiment 
consisted of two blocks of 8 ha (20 
acres) each. Within each block, the 
control and heavily stocked pastures 
were 1 ha (2.5 acres), the moderately 
stocked pasture was 2 ha (5 acres), and 
the lightly stocked pasture was 4 ha (10 
acres). Goats browsed in these pastures 
from early January through mid-March 
of 1977, 1978, and 1979. Cattle browsed 
these pastures during October of 1979. 
Plant Response 
Percent utilization and current season's 
twig production were quantified by 
length measurements of marked 
branches on sample plants (50 ha-1) . A 
term inal branch was selected from 
older branches growing on the outer 
edges of the plants, and a basal branch 
was selected from sprouts and young 
branches arising from within the ter-
minal branch canopy. 
In a supplemental experiment , 24 
plants in each of the 1 ha pastures were 
selected for studying the effects of 
heavy use followed by rest on twig 
production. Heavy use in the initial year 
(1977) was defined as removal of twigs 
from all terminal branches. Sub-
sequently, greater than 95 percent 
removal of current season's twigs from 
terminal and basal branches constituted 
heavy use. 
Blackbrush twigs were analyzed 
chemically in two experiments: (1) 
current season's vs . older twigs 
(collected in March 1978 and January 
1979) and terminal vs . basal twigs 
(collected in January 1979) were 
analyzed for crude protein, phosphorus, 
and in vitro dry matter digestibility; and 
(2) the effects of heavy browsing 
followed by rest on tannin levels were 
assessed by analyzing terminal and 
basal twigs from plants mentioned in the 
previous paragraph. 
Tannins are chemical compounds 
characterized by their ability to form 
insoluble complexes with protein. During 
mastication, tannins form insoluble 
complexes with plant proteins; they also 
tan the proteinaceous mucosal mem-
branes of the mouth. The resultant 
astringent sensation experienced by 
human beings, and presumably by large 
herbivores, is a result of the protein-
complexing reactions of tannins with 
mucosal tissue. 
Animal Response 
During 1979, six goats were equipped 
surgically with permanent fistulae 
(holes) in their esophagi to allow us 
access to samples of browsed forage . 
When not in use for sample collection , 
the fistulae were closed by means of 
removable polyethylene plugs. Six 
fistulated goats were maintained with 
nine non-fistulated goats in both a 
heavily and a lightly stocked pasture 
from January 2 until March 17, 1979. 
Diet samples were collected 11 times 
during the browsing period, and were 
analyzed for crude protein, in vitro 
organic matter digestibility, and tannins. 
As an indirect measure of animal 
production , all goats were weighed five 
times during the browsing period. 
During October of 1979, 32 Hereford 
cattle (yearling heifers) browsed 
blackbrush pastures. These heifers were 
placed in a blackbrush holding pasture 
during the last week. in September. On 
October 1, they were weighed, and four 
animals were randomly assigned to 
each of the eight blackbrush pastures. 
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Six of these pastures had been browsed 
previously by goats, while two had not. 
Heifers in all blackbrush pastures had 
access to 36 percent protein-block 
supplement. Block consumption per 
pasture was recorded on a weekly 
basis, and the animals were reweighed 
at two and four weeks. 
RESULTS - Plant Response 
Table 1 summarizes stocking intensities 
and utilization levels for blackbrush 
pastures during this study. The data in 
this table not only establish stocking 
intensities and utilization levels for goats 
and cattle, but also indicate how the 
animals utilized blackbrush. At similar 
stocking intensities, blackbrush 
utilizations by goats (1978) and cattle 
(1979) were comparable. Basal and 
terminal branches were used by both 
goats and cattle, with both trending 
toward greater use of basal branches. 
Cattle tended to consume more basal 
branches at lighter utilization levels. As 
utilization levels increased, however, 
cattle were apparently unable to con-
sume basal branches as completely as 
goats (e.g., 1978 goat vs. 1979 cattle 
utilization), probably due to their larger 
muzzles. The small size of blackbrush 
leaves precluded much selection for 
them by either animal species. Rather, 
goats and cattle consumed leaves only 
in association with the twigs, and leaf 
stripping was not observed. 
Differences in production of current 
season's twigs (CSn resulting from goat 
browsing are presented in Table 2. 
Heavy stocking intensities generated the 
greatest twig production. The lack of 
statistical significance when moderate 
and light were compared to control 
pastures was due to variable goat use 
of individual plants in the lightly and 
moderately stocked pastures. This 
caused individual plant production to 
vary greatly within treatments, and 
resulted in significant error variation. 
The differences in plant production 
among years were due to large in-
consistencies in precipitation from 
December through June. 
The number of years of heavy 
browsing and of rest from heavy 
browsing also affected CST production 
by blackbrush (Figure 5). Heavy 
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browsing stimulated CST production 
and, even after four years, heavily 
browsed plants were still outproducing 
unbrowsed plants. A comparison of 
plants that were browsed for four years 
with plants that were browsed for one 
year (Figure 5, last two bars 1980), 
indicates that CST production did not 
decline as a result of either degree of 
heavy browsing. When browsing was 
terminated, production of CST declined. 
Blackbrush plants that were heavily 
browsed and subsequently rested, 
accumulated significant quantities of 
relatively new twig growth. In contrast, 
plants that were heavily browsed 
without rest produced only CST (Table 
3). Plants browsed heavily one year and 
rested for the next year or two ac-
cumulated a larger quantity of more 
palatable (see below) twig material than 
did those that were browsed each year. 
The nutrient contents and 
digestibilities of CST on browsed plants 
were higher than those of older material 
on unbrowsed plants (Table 4). Basal 
branches were also somewhat higher in 
crude protein and more digestible than 
terminal branches. Basal branches had 
higher leaf:stem ratios and appeared to 
be less fibrous than terminal branches, 
which may have accounted for their 
higher average nutrient content and 
digestibility. 
A shrub's chemical make-up, 
however, includes not only primary plant 
metabolites such as nitrogen (crude 
protein = nitrogen x 6.25), but also 
secondary plant metabolites such as 
tannins. Both primary and secondary 
plant metabolites influence the 
productivity of ruminants by affecting 
forage intake. Low nitrogen levels, as 
are typical of blackbrush, suppress 
microbial activity in the rumen, thereby, 
decreasing fiber digestibility and 
lowering forage intake. High tanning 
levels, also typical of blackbrush, 
depress intake by decreasing palatability 
and suppressing protein digestion. 
Unbrowsed plants (BOR4) contained 
relatively low tannin levels, while plants 
that were browsed in every successive 
year without rest (B1 RO, B4RO) con-
tained high tannin levels (Figure 6). Also, 
the terminal twigs of plants browsed 
without rest contained considerably 
higher tannin levels than did basal twigs. 
With rest from browsing (B3R1, B2R2, 
B1 R3), tannin levels declined due to a 
decrease in the proportion of current 
season's to older twigs. 
Morphologically, the terminal bran-
ches of control plants (BOR4) were 
composed primarily of older twigs while 
the basal branches were composed of 
current season 's and older twigs. The 
terminal and basal branches of plants 
that were browsed each winter (B1 RO, 
B4RO) were composed entirely of 
current season 's twigs. The terminal 
and basal branches of plants that were 
browsed and subsequently rested 
(B3R1 , B2R2, B1 R3) were composed of 
current season's and older twigs. 
Animal Response 
By 1979, the morphological charac-
teristics of blackbrush plants varied 
between the heavily and lightly stocked 
pastures. In the heavily stocked pasture, 
the terminal branches of all plants were 
composed entirely of current season's 
twigs, due to the stimulatory effects of 
heavy goat browsing. In the lightly 
stocked pasture, the terminal branches 
of only some plants were composed of 
current season's twigs. Basal branches 
in both pastures were composed 
primarily of current season's twigs since 
they were sprouts or relatively young 
branches. 
As previously illustrated, the chemical 
characteristics of blackbrush plants also 
varied. Current season 's twigs from 
terminal branches were slightly lower in 
crude protein (5.7 vs. 6.1 percent) and 
in in vitro digestible dry matter (41 vs. 
44 percent) than those from basal 
branches, but terminal twigs contained 
1.34 times more tannins than basal 
twigs. Greater differences existed 
between current season and older twigs, 
respectively, on terminal branches 
relative to crude protein (6.5 vs. 4.6 
percent) and in vitro dry matter 
digestibility (48 vs. 38 percent), but 
current season 's twigs contained 2.37 
times more tannins than older twigs. 
Goats browsing in the heavily stocked 
pasture consumed twigs higher in 
tannins than did goats in the lightly 
stocked pasture (Figure 7), because 
they were forced into consumption of 
CST. They consumed terminal twigs, 
TABLE 1. Stocking Intensities and utilization levels for blackbrush pastures. 
1977 (Goat) 1978 {Goat} 1979 (Goat) 1979 {Cattle} 
Percent Utilization Percent Utilization Percent Utilization 
Stocking Percent Stocking 
T ermlnal2l8a581 
Stocking Stocking 
Intensity 11 Utilization Intensity Average Intensity Terminal 8a581 Average Intensity Terminal 8a581 
Pasture Terminal 
Control 0 0 0 0 0 0 0 0 0 0 2 .3 82 77 
Heavy 1.2 33a 2.4 72 82 77a 2 .0 39d 67e 53a 2 .3 83 74 
Moderate 0 .6 18 ab 1.2 39 49 44b 1.0 29d 30d 29ab 1.1 47 52 
Light 0 .3 6 a 0 .6 20 24 22C 0 .5 11 d 14d 12b 0 .6 22 33 
, I Animal-unit-months hectare-' ; animal units lor goats and heilers were computed on a weight basis with a 454 kg cow equal to one animal unit. 
21 Terminal versus basal branches in 1978 (P = 0.10). 
abc Means in the same column followed by a different leller are significantly different (Pc:::. 0 ,05). 
de Mean in the same row lOll owed by a different leller are signif icantly different (P = 0.03). 
TABLE 2. Current season's twig production by blackbrush plants browsed at 
four stocking intensities. 
Current season's twig production 
(mm branch-1) 
Year 
Pasture 197711 197811 197911 
Control 85a 253a 230a 
Light 8 18 362a 314a 
Moderate 84a 473a 426a 
Heavy 195b 1005b 766b 
Branch Location 
Terminal n8c 648c 610c 
Basal 76d 264d 166d 
11 Average annual precipitation for December through June in 1977. 1978. and 1979 was 133. 445. and 335 mm. 
respectively, compared to an average 01165 mm Irom 1965 to 1976. 
ab Means In the same column followed by a different leller are significantly different (P = 0.11 , 0.07, and 0.10. lor 
1977, 1978, and 1979, respectively), 
cd Mea.ns in the same column followed by a different letter are significantly different (P = 0.13. 0.03. and 0,01 lor 
1977, 1978, and 1979, respectively). 
TABLE 3. Cumulative production of current season's twigs by blackbrush plants 
during a three-year period. 
Treatment 
Browsed 1977 , Rested 1978, 19 79 
Browsed 1977, 1978, 1979 
Unbrowsed 1977, 1978, 1979 
Current season's 
twig production 
(mm branch·1) 
1977 1978 1979 
3 45 
3 41 
93 
676 
9 7 4 
326 
384 
9 03 
218 
Available for 
Consumption 
(mm branch·1) 
1978 1979 
1021 
974 
419 
1405 
903 
6 3 7 
TABLE 4. Percent crude protein, phosphorus, and In vitro dry-matter digestibility 
(IVOMO) for blackbrush twigs. 
Twig Age Twig Location Year 
Assay Current Older March January 
growth growth Terminal Basal 1978 1979 
Crude protein 6 .5 a 4 .6 b 5 .7 a 6 .1b 6 .2 a 4 .9 b 
Phosphorus 0 .10a 0 .08b O.ll a 0 .08b 
IVDMD 47.7 a 38 .2b 4 1. 1 a 44 .2b 44 .3 a 41 .6 a 
ab Means in the same row, for a given age, twig location. or year. followed by a different leiter are significantly 
different (lor twig age, crude protein and IVDMD P~0.05, phosphorus PC:::0 .10; for twig location, crude protein, 
P = 0.10. IVDMD P = 0.05; lor year. crude protein and phosphorus Pc:::::0.05). 
Thn)tJ91i a cftemiatC 
deterrent, 6fackbrusli 
respondS to winter 
6rowsi"9 in a way tliat 
initiaffy Ftirufers its use. 
6y soots and cattle. 
Average 
80a 
79a 
49b 
27c 
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however, only after basal twigs had 
been heavily utilized (Table 1, 1979 
data). In contrast, goats in the lightly 
stocked pasture utilized older twigs 
initially and then basal twigs. 
Heavily stocked goats obtained 
generally higher levels of crude protein 
since they consumed current season 's 
basal and terminal , rather than older 
terminal, twigs (Figure 8). The increased 
crude protein levels near the end of the 
browsing period by goats foraging in the 
lightly stocked pasture resulted from 
their increased consumption of basal 
twigs, green grasses, and forbs . 
In general , in vitro organic matter 
digestibility (IVOMD) values were higher 
for animals browsing CST in the heavily 
stocked pasture (Figure 9). On day 39, 
however, IVOMD values were higher for 
animals in the lightly stocked pasture. 
Animals in the lightly stocked pasture 
consumed diets that were relatively low 
in blackbrush on that day, and the in-
creased digestibility was apparently due 
to the presence of juniper, pinyon, dried 
forbs, and grasses . The points are not 
connected by a line (Figure 9) to 
demonstrate the similar trends for crude 
protein and IVOMD with these pOints 
excluded. 
Goats browsing in the heavily stocked 
pasture lost less weight than goats 
browsing in the lightly stocked pasture 
(Figure 10). Measures of reproductive 
success (e.g. , number of kids produced, 
birth weights, number of kids weaned) 
would be required, however, to deter-
mine whether the differences were 
significant in terms of animal produc-
tion . The better response by animals in 
the heavily stocked pasture is attributed 
to the higher nutrient content and 
digestibility of their diet as a result of 
their consuming current season 's ter-
minal and basal twigs . 
Cattle browsing m blackbrush 
pastures were supplemented with 36 
percent protein blocks, and no weight 
differences were recorded for heifers in 
previously unbrowsed versus those in 
previously browsed pastures. The 
average heifer (268 kg, 590 Ibs), 
however, gained 0.64 kg day-1 (1.42 Ibs 
day-1) during the first two weeks of the 
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study and lost 0.01 kg day-1 (0.02 Ibs 
day-1) during the last two weeks of the 
study. 
The heifers did differ, however, in 
their consumption of protein block. Over 
the course of the study, heifers in 
previously browsed versus previously 
unbrowsed pastures consumed 0.94 
versus 1.77 kg (2 .1 vs. 3.9 Ibs) of 
protein block daily, respectively. Heifers 
in all pastures increased their con-
sumption of protein block throughout the 
browsing period. 
The low crude protein levels and 
woody nature of twigs in previously 
unbrowsed pastures probably decreased 
the digestibility of diets consumed there, 
and may have contributed to the in-
creased consumption of protein block by 
heifers using those pastures. We 
assumed that crude protein levels in the 
blackbrush diets were low for effective 
rumen function and that additional 
protein from the blocks improved the 
digestibility and, presumably, intake of 
the twigs . 
CONCLUSIONS AND 
RECOMMENDATIONS 
Conclusions and recommendations 
stemming from this research relate to 
management and research: 
1. Increase stocking intensities on 
blackbrush-dominated rangelands to 
about 1.8 animal-unit-months ha-1 (0.72 
animal-unit-months acre-1). This will 
require more intensive management, 
with increased fencing and water 
development. Both types of development 
are crit ical to insure proper use of 
blackbrush rangelands. Simply in-
creasing (or decreasing) stock ing in-
tensities will not improve range use 
patterns if animals are allowed to water 
in areas where preferred grasses and 
forbs are more abundant. Blackbrush 
rangelands are best utilized by forcing 
intensive browsing of relative small 
areas. 
2. Browsing systems should be 
established that encourage heavy 
browsing followed by one or two years 
rest, depending on blackbrush twig 
production. Rest from browsing allows 
blackbrush plants to accumulate more 
twigs that are comparatively low in 
astringent tannins and, therefore, more 
palatable. The primary purpose of rest is 
to allow an accumulation of palatable 
forage for consumption by livestock, 
rather than to benefit the plants, since 
blackbrush apparently can withstand 
heavy dormant season (fall and winter) 
twig removal. 
3. Animals browsing on blackbrush 
rangelands should be supplemented with 
protein to improve rumen function and 
minimize weight loss. Recommendations 
on specific timing and amounts can be 
made only after further research . 
4. Although not currently economically 
feasible , it may become advisable to 
use goats in conjunction with cattle on 
blackbrush rangelands . For the present , 
however, properly managed cattle are 
capable of manipulating and, thereby, 
utilizing these rangelands efficiently. 
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IN THE US ECONOMY, foreign trade 
and agricultural production support each 
other to a significant extent. This in-
terdependence is illustrated by 
agriculture's substantial contribution to 
reducing the huge and growing trade 
deficit experienced in the manufacturing 
sector for the last few years. The im-
portance of foreign trade to US 
agriculture lies in an expanding export 
market that can absorb surplus 
domestic production . 
In terms of its contribution to the total 
foreign trade of the country, US 
agriculture occupies a far less important 
position than the nonagricultural sector 
of the economy. Insofar as the trade 
balance is concerned, however, 
agriculture plays a far more important 
role than other sectors and com-
pensates for a large part of the trade 
gap generated in other sectors. The 
staggering US trade deficits would have 
been much more unmanageable but for 
the fast-growing surplus in foreign 
agricultural trade. 
Agriculture and Trade Balance 
Agricultural exports constituted only 
about one-fifth of the total exports of the 
country throughout the 1970s (Table 1). 
At the same time, agricultural imports 
steadily declined from about 13 percent 
of the total imports at the beginning of 
the decade to about 7 percent at the 
close. Nevertheless, foreign agricultural 
trade had made a remarkable con-
tribut ion to the balance of trade of the 
country in the 70s. Throughout the 
decade, nonagricultural commodities 
produced a trade deficit that exceeded 
$48 billion in 1980. In contrast, trade in 
agricultural commodities produced a 
growing surplus, which had risen to 
about $24 billion in 1980. From 1970 to 
1975, the total deficit of about $38 
billion in nonagricultural trade was more 
than compensated for by the total 
surplus in agricultural trade. In the 
second half of the 70s, about two-fifths 
of the nonagricultural trade deficit were 
offset by the agricultural trade surplus. 
So, despite its relatively minor role in 
the aggregate economic activity of the 
country and total foreign trade, US 
agriculture has been contributing vital 
strength to the US dollar in the in-
ternational market. 
Domestic Surplus of Agricultural 
Production and Foreign Trade 
The importance of foreign trade to US 
agriculture lies in its comparative cost 
advantage in production and in its 
relative position in the total economy. 
Though increasing in absolute size in 
terms of production, agriculture is a 
declining industry in the US economy in 
terms of total employment because of 
low income elasticity of demand for 
agricultural produce in the country. 
In national terms, the tremendous 
surge in scientific agriculture rapidly 
increased overall productive capacity, 
while the slowly growing domestic 
demand was generating a huge surplus 
in production . The net result was a fall 
in the relative prices of agricultural 
products, which induced a shift of 
resources from agricultural to 
nonagricultural uses in the economy. 
Such resource shifts are associated 
with enormous adjustment problems in 
the short-run. 
In relation to its major trade partners, 
however, the US economy has a 
comparative cost advantage in 
agricultural production. Thus, it is 
foreign demand that keeps US 
agriculture growing despite the slow rise 
in domestic demand, thereby reducing 
the domestic burden of adjustment 
within the economy. 
During the ten years from 1970 to 
1979, the United States produced some 
2.4 billion metric tons of grains 
(foodgrains and feedgrains taken 
together). of which about 0.8 billion 
metric tons were exported to different 
parts of the world . In other words, about 
one-third of the domestic grain 
production was sustained by the 
growing export market. On the basis of 
specific grains, more than 57 percent of 
the wheat produced, about 59 percent 
of the rice, nearly 25 percent of the 
corn, about 28 percent of the sorghum, 
about 20 percent of the rye, and nearly 
14 percent of the barley were exported 
out of the country during the whole 
decade. 
As can be seen from Table 2, the 
structure of US agricultural exports has 
been largely dominated by grains, which 
comprised, on an average, more than 
two-fifths of the total agricultural ex-
ports. If oilseeds, cotton, and tobacco 
are added to grains , we have about 
three-fourths of the total agricultural 
exports. 
So, in view of the US comparative 
advantage in the production of these 
major agricultural export items, a global 
trade liberalization policy could be 
expected to have several favorable 
implications for the national economy. It 
would increase US agriculture's con-
tribution to the strength of the US dollar 
in the world market, while 
simultaneously enabling the US 
economy to realize fully the gains 
inherent in its comparative cost ad-
vantage; liberalization would also reduce 
the social costs of adjustment 
associated with the inevitable shrinkage 
of the relative position of agriculture in 
the US economy. 
Structure of Utah's Agricultural 
Production 
A policy of trade liberalization in 
agricultural products might, however, be 
seen as harmful from the point of view 
of Utah's agricultural production. The 
relative importance of different com-
modities in Utah agriculture can be 
evaluated on the basis of their shares in 
total cash receipts from all agricultural 
commodities (Table 3). Based on cash 
receipts, Utah's agriculture is heavily 
weighted in favor of livestock and dairy 
products, which together are four times 
as large as all crops produced in the 
state. So, the structure of US 
agricultural export trade (consistent with 
the theory of comparative advantage) is 
different from the structure of Utah's 
agricultural production . The most im-
portant items in Utah's agricultural 
production-meat and dairy products-
are net import items for the US, and 
presently there are some tariff and 
nontariff trade restrictions on the import 
of these items to the United States from 
other parts of the world . Global 
liberalization of trade in agricultural 
products implies liberalized imports of 
meat and dairy products and exports of 
feedgrains , which might adversely affect 
Utah's major agricultural production. 
Intracommodity Trade: Meaning and 
Importance 
The main contention of this article is 
that such apprehensions about Utah's 
agriculture are not well-founded. A study 
of the intracommodity nature of trade in 
meat and dairy products (Table 4) 
reveals that the export trade in these 
products also is growing in importance 
over time. When both exports and 
imports figure high in the foreign trade 
of a commodity. the nature of the trade 
in that commodity is indicated by an 
index, known as the "intracommodity or 
intraindustry trade index" in the em-
pirical literature on trade. This index is 
constructed in the following way: The 
ratio of the absolute difference between 
the value of export and the value of 
import to their sum is first taken and 
then this ratio is subtracted from unity; 
that is, 
I = 1 -I X - M I' (X + M), 
where I is the intracommodity trade 
index, and X and M are the values of 
exports and imports, respectively, of a 
commodity. When exports and imports 
are equal for a commodity, the index 
takes the highest value of unity; when 
the commodity is either solely exported 
or solely imported, the index takes the 
lowest value of zero. The growing im-
portance of a commodity in both export 
and import trade is reflected in an in-
crease in the index. 
Livestock and Dairy Industries 
Though meat and dairy products are net 
import items of the country, they are 
significant in terms of intracommodity 
trade in agricultural products. Exports of 
meat and meat products increased from 
$151 million in 1971 to $890 million in 
1980, and the intracommodity trade 
index rose to 0.65 in 1977. In terms of 
volume, meat exports increased steadily 
from 157.5 thousand metric tons in 1970 
to 355.5 thousand metric tons in 1980. 
During the same period, imports of meat 
fluctuated between 736.2 thousand 
metric tons in 1974 and 983.6 thousand 
metric tons in 1979. Exports of dairy 
products constituted about one-third of 
the total trade in those products and the 
intracommodity trade index averaged 
about 0.60. The United States is an 
exporter of butter, cheese, evaporated 
milk, condensed milk, whole dried milk, 
and nonfat dried milk, while it imports 
dried milk, cheese, butter, and casein. 
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Therefore, a trade liberalization policy 
not only means an increase in the 
import of these products, it will also 
produce a significant improvement of 
their exports from the country. In fact , 
the Multilateral Trade Negotiations 
finalized at Tokyo/Geneva, popularly 
known as the Tokyo Round, effective 
1981, have improved the prospect of 
higher export of meat and dairy 
products from the US to Japan and the 
Far East. 
Intracommodity trade is not merely a 
statistical artifact resulting from the 
problems of choosing an appropriate 
level of aggregation. Broad homogeneity 
of the consumption need satisfied by the 
products and their similarity in terms of 
factor intensities in production are taken 
into consideration in classifying com-
modities-e.g., beef and pork satisfy the 
same type of consumption need, and 
they employ almost the same capital-
labor ratio in their production, and so, 
they belong to the same class of 
product. Among others, product 
diversification and quality differentiation 
are the important factors accounting for 
the high degree of intracommodity trade 
in meat and dairy products. Because of 
that, Utah's major agricultural 
production need not be adversely af-
fected by the policy of trade 
liberalization. Liberal imports of these 
products are expected to be ac-
companied by liberal exports, which 
might encourage Utah's production. 
Gains from Intracommodlty Trade 
In traditional trade models, liberalization 
of foreign trade improves the national 
welfare level while creating a 
distributional problem. The abundant 
factor gains and the scarce factor loses 
because trade takes place on the basis 
of the factor endowment difference 
between the trading countries and the 
factor intensity difference between the 
traded products. In the case of in-
tracommodity trade, however, trade 
takes place despite similarities in factor 
endowments and factor intensities. That 
is why all factors , both abundant and 
scarce, gain from an expansion of trade 
if products are sufficiently differentiated. 
The essence of the process is that trade 
liberalization leads to an expansion of 
the market for the product as a whole ; 
and so, everybody gains. When all 
factors gain, li the value-added" in 
production by primary factors increases 
unambiguously. In this sense, the value-
added in Utah's agricu ltural production 
is likely to increase with the 
liberalization of trade. 
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Product Diversification 
An expansion of the export market 
leading to an increase in Utah's 
production, however, calls for an in-
crease in production diversification and 
quality differentiation in Utah's livestock 
and dairy industries. As has been noted 
before, the universal gain from trade 
liberal ization depends upon a sufficiently 
high degree of product diversification. 
The relative performance of Utah'S 
livestock and dairy industries during the 
last decade illustrates this point. 
Commercial slaughter in Utah declined 
from an annual average of 368.5 million 
pounds in 1970-72 to 241.3 million 
pounds in 1978-80. During the same 
period, however, national production 
improved Slightly from an annual 
average of 38,125 million pounds in 
1970-72 to 38, 425 million pounds in 
1978-80. As a result, Utah's share in 
national production decreased from 
about 0.95 percent to about 0.65 per-
cent. 
Utah's dairy products are divided into 
five items-milk, milkfat, butter, whole-
milk cheese, and ice cream. There has 
been a small marginal increase in 
milkfat production during the decade, 
while the production of butter has 
decreased from an annual average of 
8.2 million pounds in 1970-74 to 5.3 
million pounds in 1976-80. Production of 
the other three items-milk, whole-milk 
cheese, and ice cream-significantly 
increased from annual averages of 865 
million pounds, 47.2 million pounds, and 
5.2 million pounds, respectively, in 1970-
74 to 955 million pounds, 64.2 million 
pounds, and 7.4 million pounds, 
respectively, in 1978-80. During the 
same time, the annual average US 
production of milk increased by only 
about 3 percent (from 117.3 billion 
pounds in 1970-74 to 120.9 billion 
pounds in 1975-79). Utah's annual milk 
production increased by more than 10 
percent and that of cheese by about 36 
percent. It is the product diversificat ion 
of Utah's dairy industry that might 
explain its better performance relat ive 
to the livestock industry. 
Research and Development 
So, gains from intracommodity trade 
liberalization hinge on product diver-
sification and quality differentiation. 
Product differentiation with an eye on 
export market needs and competition 
from foreign products in the domestic 
market calls for increased research 
activity. Individual producers generally 
have very limited capacity to conduct 
research and little possibil ity of real izing 
a significant share of any gains from the 
results of research. The successful 
development of commercial varieties of 
products in the US agriculture has been 
characterized by the evolution of an 
increasingly complex research and 
educational system involving close 
cooperation among public sector 
research and extension agencies and 
various public and semipublic 
organizations. It seems, therefore, that a 
policy of trade liberalization has to be 
combined with a policy of public sector 
research in product diversification and 
quality differentiation relating to Utah's 
livestock and dairy industries. 
The result of product diversification 
and quality differentiation may be fur-
ther improved through another com-
plementary research activity. Many 
agricultural commodities exhibit large 
differences between their final prices in 
the export markets and their costs of 
production. The cost of marketing the 
product sometimes constitutes more 
than 50 percent of the final price. So 
far, agricultural researchers in the 
United States mainly have been con-
centrating on improving the allocative 
efficiency at the production level. As a 
consequence, the farmgate prices of 
several agricultural commodities have 
been reduced substantially. But now, 
further reductions in the final prices 
depend upon realizing an improvement 
in the efficiency of the inputs employed 
in marketing activities. Since the 
marketing cost accounts for a large 
proportion of the fina l price, a reduction 
in this part of the cost would improve 
the marketability of the products in the 
export markets. Specific research 
directed to increasing the productivity of 
the inputs engaged in marketing ac-
tivities must, therefore, supplement 
research in product diversification. 
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TABLE 1. U.S. Exports, Imports, and Trade Balance: Total, Agricultural, and Nonagricultural, 1970·80 (In millions of dollars). 
Total Agricultural Nonagricultural Agricultural Agricultural 
Trade Trade Exports as Imports as 
Trade Balance Balance Percentage of Percentage of 
Year Exports Imports Balance Exports Imports Surplus Exports Imports Deficit Total Exports Total Imports 
1971 43,492 45,516 - 2,024 7,693 5,823 + 1,870 35,799 39,693 - 3,894 17.69 12.79 
1972 48,876 55,282 - 6,406 9,401 6,467 + 2,934 39,475 48,815 - 9,340 19.23 11 .70 
1973 70,223 68,656 + 1,567 17,677 8,383 + 9,294 52,546 60,273 - 7,727 25.17 12.21 
1974 97,908 100,997 - 3,089 21 ,999 10,247 + 11,752 75,909 90,750 - 14,841 22.47 10.15 
1975 107,247 96,952 + 10,295 21 ,894 9,328 + 12,566 85,353 87,624 - 2,271 20.41 9.62 
1976 113,128 121 ,795 - 8,667 22,997 10,992 + 12,005 90,131 110,803 - 20,672 20.33 9.03 
1977 117,901 147,848 - 29,947 23,671 13,459 +10,213 94 ,230 134,389 -40,159 20.08 9.10 
1978 141 ,069 173,290 - 32,221 29,406 14,799 + 14,607 111 ,663 158,491 - 46,828 20.85 8.54 
1979 178,413 207,131 - 28,718 34 ,745 16,722 + 18,023 143,668 190,409 - 46,741 19.47 8.07 
1980 216,436 241 ,195 - 24,759 41 ,256 17,364 + 23,892 175,180 223,831 - 48,651 19.06 7.20 
Source: United States Department of Agriculture. Economic Research Service. and Economics and Statistics Service, Foreign Agricultural Trade of the United States. May 1974. p. 45. February 
1976. p. 6, February 1978. p. 14, January-February 1980, p. 5., and January-February 1981 . p. 5. 
TABLE 2. Major Agricultural Export Items of the United States, 1971·80. 
Grains and Oilseeds Fruits Vegetables' 
Year Preparation Products Cotton Tobacco Hides 'Skins Preparation Preparation 
$ millions % total $ millions % total $ millions % total $ millions % total $ millions %total $ millions % total $ million~ %total 
ago exports ago exports ago exports ago exports ago exports ago exports ago exports 
1971 2,431 31 .60 2,189 28.45 583 7.58 496 6.45 199 2.59 351 4.56 216 2.81 
1972 3,484 37.06 2,408 25.61 503 5.35 672 7.15 292 3.11 429 4.56 257 2.73 
1973 8,481 47.98 4,308 24 .37 928 5.25 714 4.04 375 2.12 535 3.03 373 2.11 
1974 10,311 46.87 5,709 25.95 1,335 6.07 886 4.03 337 1.53 596 2.71 473 2.15 
1975 11 ,620 53.07 4,452 20.33 991 4.53 877 4.01 293 1.34 699 3.19 504 2.30 
1976 10,875 47.29 5,070 22.05 1,049 4.56 940 4.09 694 3.02 770 3.35 674 2.93 
1977 8,675 36.65 6,627 28.00 1,529 6.46 1,094 4.62 770 3.25 835 3.53 622 2.63 
1978 11 ,534 39.22 8,355 28.41 1,740 5.92 1,358 4.62 908 3.09 1,014 3.45 676 2.30 
1979 14,403 41.45 8,886 25.57 2,198 6.33 1,184 3.41 1,332 3.83 1,127 3.24 764 2.20 
1980 17,991 43.61 9,393 22.77 2,864 6.94 1,334 3.23 1,046 2.54 1,335 3.24 1,188 2.88 
Source: u.s. Department of Agriculture, Economics and Statistics Service. Foreign Agricultural Trade of the United States. January-February 1981 . pp. 10 and 38. February 1979, pp. 7 
and 42. February 1978. pp. 15.60. 61 . and February 1977, pp. 38and 95, Washington. D.C.: USGPO. 
TABLE 3. Share of Selected Commodities In Total Cash Receipts from Utah Agriculture, 1972·79. 
Livestock and Dairy Products Crops 
Meat Dairy Poultry Feed Fruits Sugar 
Year Animals Products 'Eggs TOTAL Wheat Crops Vegetables , Nuts Beets TOTAL 
1972 0.457 0.205 0.114 0.820 0.033 0.062 0.027 0.005 0.030 0.180 
1973 0.390 0.182 0.166 0.787 0.054 0.068 0.021 0.032 0.019 0.213 
1974 0.287 0.233 0.111 0.685 0.088 0.092 0.035 0.033 0.053 0.315 
1975 0.301 0.237 0.122 0.709 0.073 0.099 0.038 0.024 0.029 0 .291 
1976 0.326 0.244 0.106 0.729 0.043 0.110 0.030 0.036 0.017 0.271 
1977 0.321 0.238 0.099 0.716 0.037 0.102 0.026 0.065 0.010 0.284 
1978 0.404 0.211 0.101 0.771 0.026 0.092 0.025 0.033 0.014 0.229 
1979 0.382 0.210 0.102 0.750 0.040 0.094 0.027 0.049 0.002 0.250 
Source: u.s. Department of Agriculture. Utah Agricultural Statistics. 1975-1981 . Washington. D.C.: USGPO. 
TABLE 4. United States Intracommodlty Trade in Livestock and Dairy Product, 1971·80. 
1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 
DAIRY PRODUCTS: 
Export (mill ion dollars) 196 150 60 76 148 142 176 134 125 175 
Import (mill ion dollars) 113 168 330 363 215 271 303 362 425 493 
Balance (mil lion dollars) + 83 - 18 - 170 - 287 67 - 129 - 127 - 228 - 300 - 318 
Index of intracommodity trade 0.73 0 .94 0.31 0.35 0.82 0.69 0.73 0.54 0.45 0.52 
MEAT AND PRODUCTS: 
Export (mill ion dollars) 151 204 374 301 432 617 610 736 853 890 
Import (mill ion dollars) 1,046 1,219 1,669 1,337 1,130 1,421 1,284 1,850 2,526 2,341 
Balance (mill ion dollars) - 895 - 1,015 - 1,295 - 1,036 - 698 - 804 - 674 - 1,114 - 1,653 - 1,451 
Index of intracommodity trade 0.25 0.29 0.37 0.37 0.55 0.61 0.65 0.57 0.51 0.55 
Source: u.s. Department of Agriculture. Economics and Statistics Service. Foreign Agricultural Trade of the United States. January-February 1981 . pp. 10 and 38, February 1979. pp. 7 
and 42. February 1978. pp. 15. 60-61 . and February 1977. pp. 38 and 95. WaShington. D.C.: USGPo. 
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L.F. HALL, L.E. HIPPS, and G. VENUGOPAL 
THE GOLDEN FIRE OF THE SUN is 
essential to life on earth. Not only would 
the earth be a frozen wasteland without 
the heat energy of sunlight , but green 
plants could not manufacture food 
without its energetic photons. Since 
coal , oil , and wood are actually " fossil 
sunlight " that has been stored by green 
plants, and since green plants form the 
basis of the entire food chain for life on 
earth, the whole system would collapse 
without the sun. 
Energy from the sun is not uniformly 
distributed over the face of the earth, 
however, and varies significantly from 
place to place. Important differences, 
which must be known before human 
resources can be wisely used, occur 
even within such relatively small areas 
as the state of Utah. For instance, the 
cost of heating and air-conditioning 
systems for buildings and the cost of 
their operation are both affected by 
solar heating, even if direct usage of 
solar energy is not involved. Similarly, 
irrigation effectiveness and plant ef-
ficiency both depend on sunlight through 
its domination of the processes of 
evaporation, transpiration , and 
photosynthesis. Accurate data 
representing the solar energy at specific 
sites are imperative for meaningful 
research in agriculture, weather, 
climate, architecture, and solar energy 
conversion, to name a few areas. Such 
data are equally important for planning, 
engineering, and system design in 
related fields. 
Unfortunately, the distribution of solar 
energy is not easy to determine with 
sufficient accuracy for most ap-
plications, either from available data or 
from theoretical considerations. 
Therefore, the Utah Solar Network was 
initiated to make a substantial con-
tribution to the community in the forms 
of improved solar energy data and 
research toward improved un-
derstanding of solar energy 
distribution. * 
· The Utah Solar Network has been a community project. 
While the project was originated In late 1980 by Dr. Inge 
Dirmhlrn of USU's Department of Soil Science and 
Biometeorology and has been implemented by the authors. 
its realization has required the support and activity of a 
larger community. Initial financial support came from the 
USU Ecology Center. the U.S. Department of Energy through 
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Solar Energy Distribution 
The energy output by the sun is very 
steady, varying less than 1.5 percent 
from its average value over time. Solar 
energy available at any point on the 
earth's surface, however, varies 
strongly in time. There are annual 
cycles due to the revolution of the earth 
in orbit about the sun, and diurnal 
cycles due to the rotation of the earth 
about its axis. These are regular and 
well understood. Equally significant 
variations in solar energy that occur 
with time and location are due to 
weather events. These are not fully 
understood. Usefully accurate 
predictions of weather, climate, and 
solar energy availability are many years 
away. We can, however, present a 
discussion of some known factors that 
will aid appreciation and understanding 
of the preliminary results from the 
network that follow. 
Consider first the variation of solar 
energy availability due to the geometry 
and motions of the sun-earth system 
without weather or atmospheric effects. 
The earth is shown in Figure 1 as a 
rotating sphere in orbit about the sun. 
The earth 's orbit is nearly circular, thus 
the earth as a whole is flooded by 
sunlight of relatively constant intensity 
throughout the year. Solar energy 
received by the earth varies only ± 3.5 
percent due to the changing sun-earth 
distance, ranging from a maximum 
around January 3rd when the earth is 
closest to the sun, to a minimum around 
July 5th when it is most distant. The 
large annual variation in solar energy 
that we experience is due, therefore, not 
to the distance of the earth from the 
sun , but to the earth 's rotation about an 
axis that is tilted with respect to its 
orbital plane. 
The consequences of the earth 's 
rotat ion about a tilted axis are 
dominated by two physical effects: 1) 
the fraction of daylight hours in a 
the Western Solar Utilization Network. and Utah Power & 
Light Company. This support was substantially augmented by 
the volunteer efforts of station operators in data collection. 
Smaller donations of time and materials by several other 
individuals and organizat ions throughout the state have also 
been important. The project was transferred to the Utah 
Ag ricultural Experiment Station in July 1982. Network 
diurnal cycle, and 2) the elevation angle 
of the sun with respect to the earth 's 
surface. The first effect has obvious 
consequences: shorter days provide 
less solar energy, other things being 
equal. The second effect is more subtle, 
but may be illustrated as in Figure 2 (or 
by shining a flashlight on a wall from 
various angles). Figure 2 shows that 
equal quantities of solar energy 
(represented by equidistant parallel 
lines) are spread over large surface 
areas at small incident angles, and over 
small surface areas at large incident 
angles. Thus, the solar energy per unit 
of area is greater when the sun is 
" high." In Figure 1, we see that the sun 
is more directly overhead in the summer 
hemisphere than in the winter 
hemisphere, and correctly conclude that 
more solar energy is available at the 
surface in summer. 
The reason that day length varies 
through the year is clear from Figure 2, 
where it can be seen that less than half 
a latitude circle is illuminated by the sun 
in the winter hemisphere, while more 
than half a latitude circle is illuminated 
in summer. As a point on the surface 
rotates through the illuminated portion 
of the sphere, the sun appears to rise to 
a maximum elevation and then descend. 
In winter, it rises south of east and sets 
south of west in less than 12 hours, 
while in summer it rises north of east 
and sets north of west more than 12 
hours later (northern hemisphere). At the 
north pole, the sun spirals upward from 
sunrise in March to a maximum 
elevation in June, then descends to 
sunset in September. Despite small 
elevation angles (23 .5° at maximum), 
more solar energy is available at the 
north pole in June than at any other 
latitude (land of the midnight sun). 
Consider next the variation of solar 
energy availability due to atmospheric 
effects, including weather events such 
as clouds, precipitation, fog , haze, dust, 
continuation has been made possible by Experiment Station 
support and significant financial contributions by the Utah 
Energy Office. Utah Power & Light Company, and the USU 
Researc'l Office. The generous service of volunteer station 
operators has cor,tinued to be of paramount importance to 
the project. 
smoke, and urban pollution. In each 
case, the effect is more pronounced at 
low solar elevations than at high 
elevations, because the distance the 
sunlight must travel through the at-
mosphere is greater when the sun is 
" low" (Figure 2). 
Scattering of solar energy during its 
passage through the atmosphere is 
generally more important than ab-
sorption, although there are exceptions 
to this rule. Of the total solar energy 
incident on the earth and its at-
mosphere, approximately 1/3 is scat-
tered (or ref lected) back to space, 
approximately 1/5 is absorbed in the 
atmosphere, and approximately 1/2 is 
absorbed at the surface. Of course, 
these whole-earth averages must be 
modified for a specif ic location. 
It is helpful to define several technical 
terms at this pOint (see Figure 3). 
Irradiance is the quantity of radiant 
energy (sunlight) received per unit area 
per unit time, for instance, watts per 
square meter, or Btus per square foot 
per hour. Irradiance values are the best 
measure of solar energy that is 
available at a surface. We may speak of 
irradiance in several ways, however. 
Direct irradiance is solar energy 
received along a straight path from the 
sun to a surface. It is called direct 
normal irradiance if the surface is 
perpendicular to the rays of sunlight 
(solar beam). Direct irradiance is 
responsible for sharp shadows and for 
the appearance of sunbeams bursting 
between clouds on a tempestuous day. 
Diffuse irradiance is radiant energy 
that is received at a surface from the 
entire sky hemisphere (excluding the 
solar disk) after being scattered from 
the solar beam. It appears blue on clear 
days due to dominance of scattering by 
air molecules, but most other scatterers 
are of much larger size and produce 
white scattered light. Diffuse irradiance 
permits us to see in shadowed areas. It 
is the only solar energy available under 
overcast skies. 
Global irradiance is the sum of 
direct and diffuse irradiances on a 
surface, and is, therefore, not in-
dependent. Global irradiance is usually 
less variable than direct irradiance, 
because direct irradiance is depleted 
during passage through the atmosphere 
by scattering, primarily. Enhanced 
scattering increases diffuse irradiance, 
thereby reducing the loss at the surface. 
Diffuse irradiance is greater on cloudy 
days than on clear days, in general. 
Two cases in which diffuse irradiance 
is greatly increased are worthy of 
special note: 1) when there are towering 
clouds in the vicinity of the sun, and 2) 
when the ground is highly reflective. 
Cloud reflections may be so intense in 
the first case that global irradiance at a 
point exceeds the magnitude of direct 
normal irradiance above the atmosphere 
for a short time. In the second case, 
because solar energy is multiply 
reflected between the ground and the 
atmosphere, a genuine enhancement of 
available solar energy occurs at a 
surface when it is surrounded by 
brightly reflective surfaces, particularly 
when clouds are present. A dark surface 
that is surrounded by bright surfaces 
benefits from this repeatedly reflected 
diffuse solar energy. 
Absorption of solar energy in the 
lower atmosphere is generally not 
Significant, except during dust storms or 
periods of intense haze and urban 
pollut ion. Nearly all heating of the at-
mosphere occurs at the surface, or 
when moisture that was evaporated at 
the surface later condenses in the 
atmosphere to form clouds and fog . The 
almost total absorption of short 
wavelength ultraviolet radiation by a 
layer of ozone in the upper atmosphere 
is very important, however, because this 
intense radiation is damaging to some 
living cells and many materials. 
Due to their extreme effectiveness in 
scattering, clouds are the most 
significant weather factor that limits the 
solar energy available at a surface. In 
many respects , however, clouds and 
other weather events are merely the 
superficial features of an intensely 
energetic redistribution of solar energy 
that has been unevenly supplied over 
the globe by the geometry and motions 
of the sun-earth system. 
Measuring Solar Energy 
Solar Energy is measured with sensors 
that respond to some characteristic of 
sunlight . The three characteristics most 
frequently used in sensor design are 
heating, induced chemical change, and 
photoelectric effects. Each of these 
characteristics also underlies a set of 
phYSical processes or system design 
decisions. The heating effect warms the 
oceans, land, and air, is the principal 
energy source for evapotranspiration, 
and is utilized in solar collectors for 
water heating and space heating. The 
chemical effect drives the process of 
photosynthesis in the present, and has 
been responsible for generation of the 
raw materials for coal and oil in the 
past. The photoelectric effect is used in 
direct conversion solar systems for the 
production of electricity. 
Each design characteristic has 
relative advantages. Thermal effect 
sensors are used throughout the 14-
station Utah Solar Network because of 
thei r moderately rapid response to the 
whole spectrum of solar energy, their 
convenience, and their long-term 
stability. 
The thermal sensors we use are 
designed to produce an output of 
voltage via a thermopile, the hot junc-
tion of which is imbedded in a black 
surface exposed to the sun. Two basic 
designs are used, black surface sensors 
(Figure 4) and black and white surface 
sensors (Figure 5), which differ primarily 
in their methods of providing a 
reference against which the black 
surface temperature is measured. In the 
former, the thermopile reference junc-
tion is a heat sink (which may be 
temperature controlled), while in the 
latter it is a white surface exposed to 
the sun. Clear domes protect the sensor 
surfaces from COOling by wind, and from 
deterioration by the weather. 
The instruments illustrated in Figures 
4 and 5 are pyranometers designed to 
measure global irradiance. When 
supplemented with a shadowband to 
block direct irradiance from the sensor 
surface, pyranometers may be used to 
measure diffuse irradiance. This method 
is schematically illustrated in Figure 3, 
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FIGURE 3. 
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direct plus dlffuMlrradlance 
on a horizontal surface 
ATMOSPHERE TURBIDITY 
;r- clarity of the atmosphere ~~ A measure of the ~~\ 
.-A \ 
HORIZON 
Tracking mount keeps 
Instrument aligned 
with the sun SOLAR IRRADIANCES AND MEASURING INSTRUMENTS 
while a Utah Solar Network field in-
stallation is shown in Figure 6. 
Shadowbands are mounted parallel to 
the earth's equator so that the diffuse 
pyranometer remains in shadow for an 
entire day. The shadowbands are moved 
north and south during the year to follow 
the sun . 
Direct normal irradiance is calculated 
from measured diffuse and global 
irradiances at ten of the network 
stations, while it is measured with 
pyrheliometers (Figure 3) at the other 
four stations. In the calculation, direct 
irradiance is first obtained from global 
irradiance minus diffuse irradiance. 
Since solar energy is spread over the 
sensor surface at low elevation angles, 
as it is spread over the surface of the 
earth, direct normal irradiance is ob-
tained by dividing direct irradiance by 
the sine of the elevation angle. Just as a 
pyrheliometer must track the sun during 
the diurnal and annual cycles of its 
apparent motion, so also must the sun 
be tracked with an equation during the 
calculations. 
Each of the network stations is 
equipped with an electronic data logger 
that samples the sensor outputs, in-
tegrates the samples over 15-min 
periods, and writes the data on 
magnetic tape. Strip chart recorders are 
also used at most of the stations to 
produce a continuous graph for use in 
editing the data, and to supply data lost 
during periods of data logger or tape 
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recorder malfunction. The data are 
mailed to USU, reviewed and edited for 
computer storage, and reported as 
hourly totals of global, diffuse, and 
direct normal irradiances. 
The lack of adequate data on the 
distribution of solar energy in Utah, and 
elsewhere, has been primarily due to 
the combination of instrument expense 
and required operator activity. Collection 
of solar energy data is more labor in-
tensive than, say, temperature data 
collection. In addition to shadowband 
adjustment, operators must periodically 
clean the sensors of dirt, dust, snow, 
frost , and bird droppings that result from 
the necessary exposure of the sensors. 
Attentive, concerned operators are the 
most important elements of the entire 
measurement system. 
Preliminary Results 
The Utah Solar Network station 
locations are illustrated in Figure 7. 
Sampres of data from the network are 
discussed here to illustrate features of 
solar energy variation that have been 
discussed above, and to illustrate forms 
in which the data may be made 
available to users. We first show typical 
daily variations in the form of graphs 
based on 15-min data intervals (Figure 
8a-e), and then illustrate and discuss 
tabulated daily irradiance totals for a 
year at one station (Table 1). We close 
by discussing some conclusions based 
on data for the whole network from 
1981. Hourly totals of the irradiances at 
network stations are also available in 
the format of Table 1. 
Features of clear day solar irradiance 
are illustrated in Figure 8. These figures 
represent direct normal, diffuse, and 
global irradiance variations for typical 
winter (February 6th) and summer (July 
11 th) clear days at S1. George, Utah. 
Note the following: 
• days were shorter in winter than in 
summer 
• global irradiance was greater in 
summer than in winter 
• direct normal irradiance was greater 
at midday in winter than in summer, 
indicating a clearer winter at-
mosphere (less dust and water vapor) 
• diffuse irradiance was less in winter 
than in summer, since less energy 
was scattered from the solar beam 
(clearer winter atmosphere) 
• global irradiance was more strongly 
affected by solar elevation angle than 
either direct normal or diffuse 
irradiance 
• the length of the atmospheric path 
along which the solar beam passed 
was relatively constant through noon, 
but decreased rapidly during the 
early morning hours and increased 
rapidly during the late afternoon 
hours (direct normal irradiance 
graphs) 
* KEMMERER 
ELY 
* 
FIGURE 7. The Utah Solar Network station 
locations. 
PHOTOS 
FIGURE 4. Black surface pyranometers. 
Double domes are used to reduce errors due 
to thermal radiation to the surfaces from the 
domes as dome temperatures respond to 
weather events. Black surface temperature is 
compared to instrument body temperature 
under broad shield. 
FIGURE 5. Black and white surface 
pyranometers. Other arrangements of 
segments or circles have also been used. 
Single domes may be used because black 
and white areas respond equally to thermal 
radiation from dome. Black surface tem-
perature is compared to white surface 
temperature to produce sensor output signal. 
FIGURE 6. Utah Solar Network field setup 
for instruments. 
* 
GRAND 
JUNCTION 
* 
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• local solar noon occurred later than 
clock noon, because the earth had to 
rotate for approximately V2 hour to 
bring the sun overhead at St. George 
relative to the standard time zone 
meridian (105°W) 
• despite a clearer atmosphere, day 
length and low solar elevation angles 
led to lesser daily totals for all 
irradiances in winter. 
Features of solar irradiance due to 
clouds are illustrated by the graphs of 
Figure 8c, taken from data for Fon-
tenelle, Wyoming, on September 21 st. 
Several pOints are notable: 
• day length was approximately 12 
hours (near autumnal equinox) 
• the late morning period was similar to 
a clear day, with greater direct 
normal irradiance and lesser diffuse 
irradiance than during preceeding 
and succeeding cloudy periods. 
• just after noon, global and diffuse 
irradiances rose prior to the 
decrease of direct normal irradiance 
due to a passing cloud 
• similar variations occurred with other 
cloud passages, while diffuse 
irradiance was generally greater due 
to the afternoon cloudiness 
• global and diffuse irradiances were 
equal when heavy morning clouds 
blocked direct irradiance just before 
8 A.M. 
The irradiance variations for two 
additional days are shown in Figure 8d 
(February 8th at Fontenelle) and Figure 
8e (September 11 th at Salt Lake City). 
At Fontenelle, a relatively clear morning 
was followed by an afternoon with heavy 
cloudiness, while the reverse was true 
at Salt Lake City. Note the rise in global 
and diffuse irradiance values as a cloud 
approached the path of the solar beam, 
and also the equality of global and 
diffuse irradiances while the direct 
irradiance was blocked by clouds. 
Overcast days have not been 
separately illustrated, but it is important 
to recognize that overcast days are not 
all alike. Day lengths vary, cloud 
thickness varies from day to day, and 
even during a single day with overcast, 
cloud effects vary substantially. The 
influence of clouds on the availability of 
solar energy is as variable as their 
appearance. 
Table 1 lists daily totals of global, 
diffuse, and direct normal irradiances 
measured at Cedar City, Utah, during 
1981 . While daily totals result in many 
details being averaged out, several of 
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the above features are present in the 
tabulated data. For instance, from the 
first to the second of January, global 
irradiance increased about 20 percent, 
and direct normal irradiance increased 
3-fold, while diffuse irradiance de-
creased greatly. Then, heavy overcast 
on the fourth resulted in the lowest 
global irradiance for the month and 
lower diffuse irradiance than on partly 
cloudy days. 
It is evident from the variation 
through the year of the maximum daily 
total of direct normal irradiance that day 
length was more significant than at-
mospheric clarity to clear day totals at 
this station. Day length was also 
reflected in a similar annual variation of 
diffuse irradiance, to which the relatively 
cloudy days of January generally 
contributed less than did the relatively 
clear days of June. This occurred 
despite enhanced surface reflections 
due to snow-covered ground in the 
winter month. 
The annual variation of global 
irradiance is what one would expect 
from seasonal trends of cloudiness, 
solar elevation, a'nd day length. The 
relatively low daily values in late August 
remind us of the hazy days of summer. 
The spatial distribution of solar 
energy over the state during 1981 
illustrates many features discussed 
earlier. Global irradiance at the northerly 
stations of the network was only half 
that at the southerly stations during the 
winter months of January and 
December, 1981, due primarily to fog 
and cloudiness in the north. Fog and 
cloudiness are also reflected in diffuse 
and direct normal irradiance data for 
these months. More scattering resulted 
in equal or greater diffuse irradiance for 
the northerly stations, compared to 
those in the south, while direct 
irradiance increased 7-fold from Salt 
Lake City to St. George in January. 
Global and direct normal irradiances 
varied much less over the state during 
the summer (than in the winter) of 1981 . 
Relatively clear summer skies prevailed 
at all stations, eliminating strong 
variations due to cloudiness, while the 
high solar elevation angles of summer 
resulted in less variation due to day 
length or solar elevation angle over the 
state. 
Comparison of data from Cedar City 
and Natural Bridges emphasizes east-
west differences and the' influence of 
dissimilar surroundings. Global 
irradiance was similar for the two 
stations throughout the year, but direct 
irradiance was generally greater at 
Natural Bridges, while diffuse irradiance 
was higher at Cedar City. The dif-
ferences were probably due to 
orographic cloudiness over the mountain 
range just east of Cedar City. The effect 
was most pronounced in winter, when 
low solar elevation angles reduced 
direct irradiance at Natural Bridges, 
while multiple reflections between snow-
covered mountains and clouds 
enhanced diffuse irradiance at Cedar 
City. The large contribution made by 
diffuse irradiance to available solar 
energy near these mountains was 
consistent with other mountain 
irradiance data. 
Comparison of the Utah Solar Net-
work data from Salt Lake City for 
January and February of 1981 with 
longer term data from the NOAA station 
there revealed the importance of 
collecting measurements over several 
years. Global irradiance measured 
during January 1981 was roughly 30 
percent less than the 4-year NOAA 
average, while the February 1981 global 
irradiance was about 20 percent greater 
than the longer term average. Unac-
ceptable errors would result from the 
use of 1981 data as representative of 
these months in any serious application 
of the data. 
Future Prospects 
We plan to continue the data acquisition 
at the stations of the Utah Solar Net-
work for several more years to build a 
data base that has a minimum of five 
years of data from throughout the state. 
In itself, this data base will be a 
valuable asset for planning and 
engineering design with respect to 
utilization of this natural resource. In 
addition , as some of the burden of the 
network initiation has been removed, we 
plan to begin more extensive analysis of 
the data, and to develop computer 
models that will enable more effective 
use of what we have learned. The 
models will help us understand the 
significance of the factors that affect 
the availability of solar energy in the 
state, and they will be important when 
solar energy availability must be 
estimated at locations some distance 
from any network station. Prior research 
at USU into mountain/valley irradiance 
differences will be incorporated in the 
models to make them truly represen-
tative of Utah. Groundwork for this effort 
has been completed, but substantial 
benefit will be derived from the new, 
longer term data from the network. 
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FIGURE S. Graphs of direct normal irradiance (solar beam), diffuse 
irradiance (skylight), and global irradiance (total) for several days 
during 1982 at network stations. Units on graph are totals of energy 
received per unit of area during each 15 minute period. 
88) Winter clear day solar irradiance at St. George, UT, February 6. 
Note short day length, strong direct normal irradiance, and weak 
global irradiance. 
Sb) Summer clear day solar irradiance at St. George, UT, July 11 . 
Note day length, weaker direct normal irradiance, and stronger 
diffuse and global irradiances compared to 8a. 
Se) Autumn partly cloudy day solar irradiance at Fontenelle, WY, 
September 21 . Note similarity to clear day irradiances during late 
morning hours, equality of diffuse and global irradiances under 
heavy overcast (direct normal irradiance then zero), rise of diffuse 
and global irradiances just prior to cloud passage, and increased 
diffuse irradiance compared to clear days. 
ad) Afternoon cloudiness at Fontenelle, WY, February 8. Features 
noted in 8c are also illustrated here. Note abrupt diffuse irradiance 
increase as cloud edge passed. 
8e) Morning cloudiness at Salt Lake City, UT, September 11 . 
Features noted in 8c are also illustrated here. 
Legend global • _ • _ direct normal.......... diffuse - - -
FIGURE8d 
28.1982 
o 
FONTENEllE·WY 
K. JOULES/SQ. METER 500 
os 
06 
07 
08 
09 
:~ ................................................ .. \ ....... , ...•. , 
\ ". . .•••. ,. 
\ "" ...... 
\ '. ~ , .... 
\ ". \ 
I '. \ 1\\ , . : 
I I :. 
i:'
........... _.-... .. .................... .: 
i:--.....&: ................... .. ........ u... ..---,........... . .............. . 
.... , ::S:: .......... iI'NtNIMIo 
10 
11 
12 
13 
14 
15 
18 
17 
18 
19 
20 
108 UTAH SCIENCE 
1000 
FIGURE8b 
7.11.1982 
o 
os 
06 
07 
08 
09 
10 
11 
12 
13 
14 
15 
18 
17 
18 
19 
20 
FIGURE8c 
9.21.1982 
o 
os 
06 
ST. GEORGE·UT 
K. JOULESISQ. METER 500 
FONTENElLE·WY 
K. JOULESISQ. METER 500 
07 
...:·· .. ·· .. ··l~ ........ ~........ 
............ -...... 
, s;:-
0-;::' III·,= .................. ~ ... 
I '" _ ....... 
I '. .. ... ~ 
I '. : \ \ : 
, \ i 
, ~ ........ 
f"'> ') •••••• t: 
f ...... ..:.. ....... .. -, -... ".. __ .,. r 
, .' ..-A .................. .. ) :. 
/' -::::::::::11 
,> !fIH'1 ...... •• .. • .... NIfI 
".:::'.:.: ..................... " .. 
08 
09 
10 
11 
12 
13 
14 
15 
18 
17 
18 
19 
20 
FIGURE8e 
9.111982 
o 
05 
06 
07 
os 
09 
SAL T LAKE CITY·UT 
K. JOULES/SQ. METER 500 
/ - ... ,'.U::.::~.::: .................... ,,,,,,. 
, ",'" --...... .. 
, .-.~ ....... ...... 
r', .,...... 
"".... ..,: . ....,.-. 
10 
11 
12 
13 
14 
15 
18 
17 
18 
19 
20 
.... . ............ ~.-
, ~~ .~ 
,,-- - ... .ta..:.:..... 
...... ....-'-
.... - ""'::-W--r 
,,' '1IIr,1""~ ... 
" ... ~ : ;. , 
;. ~ 
,.. . .... 
,.. . ...
I .,. • •• "." 
I .-- ..... I .--.,. .. , ...... , 
/ . . --. -- , .... ,"""' .. ~~IIlt.';, .................... '" 
1000 
1000 
1000 
~ __ lEff~C~IENlr __ ~ 
WAlrlE~ 
~GIEMENlr 
WORK UP A DUSTY THIRST that 
stretches from the soles of your feet to 
the top of your head, and your body will 
make the best possible use of whatever 
water you give it. 
Plants respond the same way. They, 
however, don 't have the option of 
quenching their own thirst. If they grow 
in the wild, they depend upon natural 
events. If they grow under human care, 
they depend on human judgments and 
circumstances. In both cases, the plants 
either adapt, or they die. 
For crop plants, the adapting process 
can lead to lower than optimum yields. 
Progressive farmers and irrigation-
oriented scientists have intuitively 
recognized that connection for years. 
Only recently, however, have economic 
pressures and sophisticated in-
strumentation combined to allow the 
collection and integration of sub-
stantiating data. 
In Utah. Robert W. Hill of USU's 
Agricultural and Irrigation Engineering 
Department and a group of researchers 
Integration is the Key 
have been working for three years with 
farmers in Millard and Iron counties. By 
measuring crop use (consumption) of 
water over time, and matching irrigation 
amounts and times to crop needs, yields 
have been improved while costs have 
been cut . 
Now researchers in Idaho and 
Wyoming , together with USU 's Hill, are 
gathering consumptive use data for 
representative areas in the Bear River 
Basin. The goal is to insure the legally 
required equitable apportionment of the 
Basin waters among the three states. 
That means at least three to four years 
of data must be collected for cropland, 
rangelands. wetlands, irrigated mountain 
meadows, and open water surfaces . The 
derived patterns of consumption will 
then be correlated with historical arrd 
current weather data, and with the 
results of controlled SOil/crop/irrigation 
experiments. 
Comparable water allocation/ 
management dilemmas are afflicting 
farmers and city folk alike throughout 
Utah. As with the Bear River Basin, the 
problems have legal , economic , social 
(institutional), and physical aspects . As 
he organizes a within-state research 
program that will help integrate these 
factors towards optimizing the use of 
water in Utah. Hill's emphasts is on 
practicality. He and his co-workers are, 
therefore, engaged simultaneously on 
two fronts . They are gathering data on 
relationships among crop yields/water 
consumption/environmental com-
ponents, and attempting to find ways to 
make their data and insights usable in 
the field (whether on a farm or a city 
lot). 
Although the development of valid 
predictor equations and computer 
models may take five years or more, 
preliminary recommendations for op-
timizing crop. turf, and garden 
productivity should become available 
within one to two years. 
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INCRB\SING GRAZING EFFICIE~ 
THE FORAGE GRASSES of the Inter-
mountain Region , unlike their relatives in 
Central Asia, did not evolve under 
persistent grazing pressure over the last 
few thousand years . Whether this 
privilege granted by nature brought 
about an inability to cope with the 
relatively recent encounter with 
domestic livestock, or whether these 
grasses lack the genetic makeup that 
would ever permit them to adapt to 
heavy utilization by sheep and cattle is 
hard to say. What we do know is that 
when the settlers moved their stock in 
to graze the open range, the native 
perennial bunchgrasses succumbed to 
the herbivorous onslaught , and less 
palatable plants replaced them. 
About fifty years ago, an extra-
ordinary grass was introduced to the 
West from Central As ia. It qual ifies as 
extraordinary because it tolerates heavy 
grazing in early spring when the native 
grasses are most susceptible to 
defol iat ion , and because it bounces 
back from grazing with vigorous 
regrowth wh ile its indigenous coun-
terparts limp through the growing 
season in protracted convalescence. 
This exot ic import goes by the common 
name of crested wheatgrass . 
Taxonomically it has been ascribed to 
Agropyron desertorum (Fisch.) Schult. 
and Agropyron cris tatum (L.) Gaertn., 
and will probably receive a new 
scient ific name when the current 
revision of the wheatgrasses is finally 
completed and agreed upon. The name 
is not important; by any name it would 
taste as sweet to the cow and provide 
equally sweet assurance to the rancher . 
In the annual cycle of forag ing 
through seasons in the Intermountain 
West , early spring is a cr itical time. Hay 
reserves are dwindling; the quali ty of 
the hay itself is deteriorat ing; and the 
cows are in need of a good feed supply 
to carry them through calving and 
lactation. Nothing could better help the 
rancher through this period than 
pastures of vigorously growing grass 
that is nutritious and highly digest ible. 
At this time of the year, even the deer 
depend on green grass to fill the dietary 
gap between old browse forage , all but 
exhausted, and the forbs and browse 
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that come on later in the spring.1 ,2 Enter 
crested wheatgrass with its tolerance of 
early spring grazing ! 
Crested Wheatgrass on the Foothills 
Millions of acres of foothill ranges and 
lower mountain slopes that were drifting 
toward domination by stagnant stands of 
sagebrush and juniper were cleared of 
woody vegetation and seeded to crested 
wheatgrass , especially during the fifties 
and sixties. 3 Environmentalist concerns 
over such drastic disturbance to native 
habitats managed to dampen range 
improvement projects in the seventies, 
but such vegetation manipulation has 
proved not entirely detrimental to 
wildlife, and the two sides are now 
working toward compromise programs. 
On footh ill ranges , precipitation is high 
enough to maintain perennial grass 
pastures at a stage of reasonably 
reliable productivity, yet the elevation is , 
low enough to ensure snowmelt and _ 
grass growth at the earliest opportunity 
under local climatic conditions. 
Crested wheatgrass seedings are a 
precious resource but in short supply. In 
the Department of Range Science at 
Utah State University, we bel ieve that 
suboptimal utilization of these footh ill 
seedings may be a major limiting factor 
for the prosperity of livestock ranching 
in Utah. At the Tintic research area near 
Eureka, Utah, various aspects of cattle 
grazing are being studied on 1700 acres 
of seeded range on BLM land. The goal 
is to develop a management strategy 
that will make the most efficient use of 
crested wheatgrass as early in the 
spring season as poss ible, and yet allow 
susta ined production and stand per-
sistence. 
Selective Grazing 
For severa l years we studied the 
seedings subjected to the traditional 
grazing system, wh ich at Tintic consists 
of putt ing 30 heifers in a 70-acre 
pasture for 6-8 weeks. The cattle are 
allowed to beg in grazing in early to mid-
May when the grass is about 6 inches 
high . There is enough forage then for 
about 2 acres to support a standard 
animal unit for one month . Utilization 
averages around 50 percent. 
Surprisingly, the cattle proved to be 
rather selective grazers, even when 
crested wheatgrass was the only kind of 
grass available to them. The first year of 
the study, 1979, only 60 percent of the 
crested wheatgrass plants had been 
grazed to any degree at all in one 
pasture after six weeks of grazing! This 
was an extreme case; more usually, a 
quarter of the plants were untouched 
PHOTOS 
1. Seeding with perennial grasses con-
verts relatively unproductive foothill 
rangeland into high quality pasture~ 
which provide forage in early spring at 
a critical period of the ranching 
calendar. 
2. Close-up of cattle grazing grass. 
3. The naturally dominant vegetation on 
millions of acres of Utah rangeland is 
sagebrush and juniper. Without oc-
casional fires, native perennial grasses 
struggle to maintain a foothold among 
these woody species. Carrying capacity 
for cattle is dramatically increased by 
clearing areas of shrub and seeding 
with the grazing-tolerant introduced 
grass, crested wheatgrass. 
4. Grazing is patchy and uneven when a 
pure stand of crested wheatgrass is 
moderately utilized by cattle. In this 
case illustrated, the stocking rate was 
about 3 heifers per acre for eight days; 
the same phenomenon occurs when 
pastures are more lightly stocked (2 
acres per heifer) for two months. Many 
plants are scarcely touched while 
others are grazed quite heavily. 
5. The pasture on the left (photographed 
September 1982) was grazed down to 
about 80% utilization over an eight-day 
period during the " boot" in late May, 
so that young inflorescences could be 
harvested. Reproduction was effectively 
terminated . As a result , when a good 
rain fell a month later, this pasture 
responded with vigorous regrowth , 
while the pasture which went to seed 
had no summer regrowth at all. When 
crested wheatgrass matures.and sets 
seed, the foliage hays off and nutritive 
quality plummets. The process of 
flowering initiates a dormancy in the 
rest of the plant, which prevents it from 
making fresh regrowth until the fall. 
ON CRESTED \X!1-IEATGRASS 
during spring grazing. Another surprise 
was to discover that most of the grazed 
plants were grazed just once.4 It was 
uncommon for specif ic plants to be 
grazed three times, and only one plant 
in four thousand was subjected to five 
separate grazing impacts. A single 
grazing experience for a grass plant 
could mean a nibble along one side of 
the bunch or a few flowering heads 
nipped off, or it could mean more than 
75 percent of the foliage removed (one 
mouthful in the case of smaller plants). 
We detected a distinct pattern to the 
grazing behavior. Moderate-sized plants 
were more heavily impacted by the 
livestock grazing than would have been 
expected from their proportional con-
tribution to the overall forage available 
in the pasture. By observing perma-
nently marked plots from year to year, 
we noticed that the cattle tended to 
graze heavily on the same plants they 
had utilized the year before. Similarly, a 
plant that had been neglected one year 
would be likely to have an easy time 
when the grazing season rolled around 
again a year later. Since there was a 
brand new crop of heifers each year, we 
knew that the livestock were not simply 
remembering where the best plants 
were from one year to the next. We also 
observed that the cattle generally 
grazed down a patch of grass, perhaps 
only a few feet wide, and then moved on 
without paying much attention to forage 
between patches. 
The selectivity with which the cattle 
grazed the stands of almost pure 
crested wheatgrass was obviously an 
inefficient process of forage utilization. 
If some plants could withstand 80 
percent utilization year after year, while 
the pasture overall suffered only 50 
percent utilization, why not try to graze 
every plant to the same degree, spread 
the burden of defoliation evenly, and 
carry more livestock? This goal assumes 
either that every plant would be equally 
attractive or that the density of livestock 
would be so high that competition 
among the heifers would reduce the 
opportunity to graze selectively. 
Causes of Preferences 
We had no reason to believe that there 
was a large difference in the palatability 
of the leafy green foliage between in-
dividual crested wheatgrass plants. The 
cattle 's aversjon to the larger grass 
bunches made us suspect, however, 
that the substantial amount of old straw 
which these larger plants carried over 
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If a cresta! whe.at91"USS 
pasture is saved for faCC 
grazing! use tendS to 
6e more even. 
winter reduced their forage appeal. New 
green foliage growing up among this 
straw was, therefore, somewhat 
protected from grazing. To test this 
hypothesis, many pairs of matching 
plants were located in the field before 
grazing began, each member of a pair 
being about the same size and with a 
similar amount of overwintering straw. 
One member of the pair was chosen by 
a toss of a coin to be deprived of its 
robust winter stalks. The destrawing 
was done by hand. After the pasture 
was grazed, the plants were checked for 
the degree of grazing impact as 
measured by what percent of the plant 
canopy showed signs of defoliation. 
The results, depicted graphically in 
Figure 1, indicated that plants without 
straw were grazed significantly more 
than plants whose straw had been left in 
place, whether or not the destrawed 
plants were large or small. Among the 
plants that had kept their straw, the 
amount of defoliation declined as plant 
size increased. This experiment helped 
explain how large bunchgrass plants 
become progressively less attractive to 
cattle, accumulating more and more 
straw. Such plants eventually die out in 
the center; these are the plants we call 
· 'wolf plants." 
Self-perpetuating Problem 
Once grass plants go through a season 
of neglect from livestock, the straw 
effect becomes self-reinforcing and, 
with overall moderate levels of 
utilization (experienced under traditional 
grazing), it is difficult to reverse the 
trend toward the wolf plant growth habit. 
In practical terms, the rancher who 
inspects his pasture at the end of the 
grazing season may conclude that 
utilization has been at about 50 percent. 
However, a reasonably large portion of 
the init ial forage available, let 's say a 
quarter, cou ld have come from wolf 
plant foliage. His estimate of utilization, 
therefore, will have been strongly in-
fluenced by the standing green fOliage 
of plants that may never be harvested 
by his livestock. While wolf plants were 
scarcely touched, the rest of the grass 
plants would have an average of two-
thirds of their fOliage removed, with 
many plants grazed more severely than 
that. If our hypothetical rancher decided 
to carry his livestock a little longer on 
that 50 percent-used pasture in order to 
take off more of the remain ing green 
feed, he might find that the cattle would 
revisit plants already grazed, looking for 
regrowth if it had occurred, while 
continuing to neglect the conspicuous 
" green feed " on the wolf plants. 
The deterrent to grazing posed by 
flowering stalks from the previous year 
and the resultant development of wolf 
plants, is largely a spring grazing 
problem. We have noticed that if a 
crested wheatgrass pasture is saved for 
fall grazing, utilization tends to be more 
even. Selectively for fresh green grass 
is less acute in the fall. Also, the growth 
from the preceding spring and summer 
is more attractive before winter than 
after it. 
It is in early spring, however, that 
crested wheatgrass forage has premium 
value and spring grazing is the process 
in need of maximum efficiency. If the 
absence of old flowering stalks im-
proves the appeal of spring forage and 
promotes a more even utilization, the 
next question becomes " How can we 
eliminate the straw?" Mowing in the fall 
would be effective, but too costly on 
most rangelands. Fairly heavy grazing in 
the fall could remove most of the straw 
by consumption and trampling while 
taking much of the fall regrowth in the 
process. A pasture thus treated, 
however, may be debilitated by another 
grazing early the following spring.s 
Summer grazing is not the answer, 
either. In summer, crested wheatgrass 
plants produce seed, which drains the 
leaves of nutrients, causing them to dry 
up and die, leaving the plant in a kind of 
dormancy. At this time of the year, 
palatability declines dramatically and 
nutritive value declines. No rancher 
would be will ing to stock his foothill 
ranges with enough cattle to force 
consumption of seed heads, stalks and 
all , especially if he has summer grazing 
permits on green pastures in the 
mountains; which brings us back to 
spring . 
Toward a Solution 
During spring, the inflorescence of 
c.r:ested wheatgrass first becomes 
accessible to the grazing animal in a 
very palatable form. When the grass 
!)tem (culm) begins to elongate, 
FIGURE 1. Grazing impacts on plants with and without straw. Bars having the 
same letter above them represent means which are not significantly different . 
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thrusting the immature inflorescence up 
from its protected hiding place deep in 
the shoot near the crown of the plant, 
the plant signals that it is switching its 
emphasis from fOliage growth to 
reproduction . The young inflorescence 
enlarges and forms a slight swelling 
within its enclosing leaf sheath. This 
" boot " stage of development appears 
quite suddenly and lasts only about a 
week. The inflorescence then emerges 
from the sheath and continues to rise on 
its pedestal toward maturity. But during 
its brief period in the boot, it is readily 
grazed. Once it has grown out of the 
" boot" the inflorescence tends to be 
avoided by livestock. 
In spring 1982 we attempted to 
prevent crested wheatgrass plants from 
entering their reproductive phase by 
subjecting them to heavy grazing while 
the inflorescences were still in the boot 
stage. Utilization of about 85 percent of 
the forage over an eight-day period, 
begrnning when the boot stage was first 
detected (May 22), achieved the desired 
end. The pasture looked devastated until 
a summer rain fell. Then there was flush 
of green growth. The adjacent control 
pasture had gone to seed and made no 
visible response to that rain. The 
contrast in available forage is obvious in 
the photo taken a couple of months 
later. Ach ieving the principal goal to 
prevent flower stalk development had a 
potentially valuable side effect, namely, 
foliage growth during summer when 
crested wheatgrass is normally dormant. 
We expect this pasture to produce 
more than average forage next spring, 
since its nutrient and energy resources 
were preserved from allocation to grain 
in the seedheads. Then, too, its plants 
carried a crop of photosynthetic leaves 
for much longer than did comparable 
plants that were shunted into repro-
ductive dormancy and whose new leaf 
crop was delayed until fall regrowth . We 
also expect that since few flowering 
stalks will be carried over the winter, 
the pasture will be utilized more evenly 
when grazed early next spring. It will 
take another year of research to be 
sure, but if our expectations are con-
firmed, then efficiency of use of the 
crested wheatgrass seedings could be 
considerably improved, without reducing 
the vigor of the stand. 
Translated into management strategy 
for a ranching operation , a particular 
crested wheatgrass seeding (or part of 
it) should be set aside for intensive 
grazing during its boot stage in late 
spring. That pasture would thus be 
prepared to sustain the main grazing 
pressure early the following spring. This 
burden of early spring grazing would 
have to be rotated annually around 
several pastures to allow each to 
recover. 
For a rancher, this strategy could 
require careful planning and more 
sophisticated management, perhaps 
using temporary electric fences to set 
aside the portion of the seeding 
reserved for heavy May grazing one 
year and early spring grazing the next. It 
could, however, provide clear economic 
benefits by increasing carrying capacity 
through more efficient utilization and by 
reducing the Apri l demand for stored 
feed. 
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